The development of monoclonal antibodies (mAb) 
INTRODUCTION
The thymic microenvironment has been shown to be essential for the differentiation of mature, functional, TcR-expressing, major histocompatibility complex-restricted T cells. The mechanisms within the thymic microenvironment that control this process, however, remain relatively poorly understood. A recent approach to elucidating the specific function of each of the thymic nonlymphoid components (comprised essentially of epithelium, macrophages, dendritic cells, and connective tissue) has been the production of specific mAb. Panels of such mAb have been described for the chicken, human, mouse, and rat thymus (Haynes, 1984; van Vliet et al.,, 1984; Boyd et al., 1988; Godfrey et al., 1990 organ, identified previously undescribed subpopulations of stromal cells, and emphasized the complex yet phylogenically conserved nature of the thymus. Most importantly, the phenotypic characterization of thymic structure has enabled the identification of stromal-cell molecules that potentially interact with various subpopulations of developing T cells (Kingston et al., 1984; van de Water et al., 1990; Boyd et al., 1991a) .
The study of aves has greatly contributed to the understanding of embryogenesis Houssaint et al., 1976) and the dichotomy of the immune system (Glick et al., 1956 ). Chick-quail chimeras have been used to define the relative contributions of the endodermal epithelium, mesectodermal-derived mesenchyme, and bloodborne extrinsic elements to thymic histology (Le . Thus, we previously raised and characterized a panel of mAb reactive with the chicken thymus, which are described elsewhere (Boyd et al., 1991b) . These reagents identify subpopulations of the thymic stroma including pan-epithelium, isolated corti- (Table 2) The mAb MUI-72 and -80 labeled adult thymic epithelial medullary clusters though their antigens were also detected on keratin-negative reticular fibroblastlike and macrophagelike cells, respectively, scattered throughout the cortex and (Boyd et al., 1991b) and on the bursal epithelium early in ontogenic development . The ontogenic expression of these antigens supports the hypothesis that an interaction between the thymic endodermal and mesectodermal epithelium is required for normal thymic development (Auerbach, 1960) . Similar interactions could also explain the common expression of many molecules on both thymic epithelial and non-epithelial cells (e.g., MHC class II; van Ewijk et al., 1980) , although it is not known whether such markers were all endogenously synthesized, or perhaps some were passively acquired from the surrounding milieu.
The antigens expressed on medullary epithelial clusters or non-epithelial cells potentially may have a specific role in later stages of intrathymic T-cell development (e.g., acquisition of migratory capacity), because developing thymocytes are believed to undergo both positive and negative selection prior to entry into the medulla. They are unlikely to be involved in down regulation of CD4 or CD8 molecules because this has already begin in CD4/CD8/CD3Hi cells (Hugo et al., 1991) . The stage of initial expression of the MUI-80-and -72-defined antigens on medullary clusters during ontogeny corresponds to the appearance in the medulla of TcR-1 and TcR-2 expressing cells, respectively Coltey et al., 1989) In the adult, precursor cells have been shown to localize in the subcapsular cortex (Joterau and Le Douarin, 1982; , which is the first region of the thymus to regenerate after sublethal irradiation (Huiskamp and von Ewijk, 1985; . It is also possible that type I epithelium may provide the stimulus for subcapsular lymphopoiesis, because thymic epithelium has been shown to induce precursor activation (Denning et al., 1988) and blasts are present in the subcapsule (Weissman, 1973 (Coltey et al., 1989) , as the third wave of precursor cells infiltrate the thymus (Le Douarine et al., 1984) . This may reflect a role of the type I epithelium and possibly the MUI-53 and -70-defined molecules in the localization and/or stimulation of the precursors entering the thymus or repopulating the thymus after irradiation.
Similarly, the mAb MUI-58 was reactive with the thymic subcapsular and subtrabecular epithelium, but this antigen was also expressed on medullary epithelium (Boyd et al., 1991b) . MUI-58 labeled isolated medullary epithelium in the El0 thymus, possibly of mesectodermal origin because neural crest mesectoderm has been shown to infiltrate the branchial arches prior to thymic histogenesis (Le Douarin and Joter6au, 1975) and is believed to generate the neuroendocrine epithelial components of the thymus (Haynes et al., 1983) . This phylogenically conserved subcapsular/medullary antigen distribution has also been described in humans, mice, and rats Colic et al., 1988; Kampinga et al., 1989; Godfrey et al., 1990; Izon and Boyd, 1990) and is similar to the reactivity of A2B5, an mAb reactive with GQ gangliosides characteristic of neuroendocrine cells (Haynes et al., 1983) . Hence, this mAb may react with mesectodermally derived neuroendocrine cells that are producing thymic factors or hormones. This is a particularly important mAb because it also has very restricted nonthymic reactivity (Boyd et al., 1991b) . Surface CD3, TcR-2 expressing T cells begin to seed the periphery from E19 (Coltey et al., 1989; Bucy et al., 1990) , CD3 positive cells being <1% of splenocytes until hatching (Chen et al., 1986 
Monoclonal Antibodies
MAb reactive with chicken thymic nonlymphoid tissue were produced in our laboratory and have been described in detail elsewhere (Boyd et al., 1991b 
